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論文の内容の要旨
Signatures of low-scale string models at the LHC
（LHC実験における低スケール弦模型のシグナル）
　　橋 真奈美
■Hierarchy problem and Large extra dimensions Due to the discovery of the Higgs boson, the
Standard Model (SM) in particle physics seems almost complete. However, most of particle
physicists consider the SM as a low-energy eective theory up to at least the Planck scale,
MPl  1019GeV, where quantum gravitational interactions become visible.
On the other hand, in the SM, there is a problem that a large hierarchy between the mass
of the Higgs boson and the Planck scale has not been understood. One of solutions to the
hierarchy problem is that there is a more fundamental gravitational scale of the order of
TeV. The solution can be realized by introducing extra space dimensions and compactifying
the extra dimensions into a space with large volume.
■Why low-scale string models? There are eld theoretical models which can solve the hier-
archy problem with extra dimensions. However, such models cannot describe not only the
gravitational interactions but also the gauge interactions in a renormalizable form. Since
we want more fundamental theories which can solve the hierarchy problem, we consider
models which are based on string theory. In the models, the string scale Ms which is the
fundamental scale is of the order of TeV. The models are called low-scale string models.
■String resonances at the LHC Low-scale string models have a possibility of being conrmed
or excluded by the LHC. A characteristic feature in low-scale string models is the appearance
of string excited states. String excited states are higher vibrational modes of open strings.
Since the SM gauge bosons and matters can be realized by the open strings, string excited
states have the same gauge quantum number as that of the corresponding SM particle.
At the LHC, colored string excited states can be produced dominantly in dijet events.
Scattering amplitudes of gluons and quarks with exchanges of string excited states are
calculated in ref.[1]. The string excited states can be observed as resonances with mass of
the order of Ms in dijet invariant mass distributions. The resonances which are called string
resonances have not been observed at the LHC yet, and the value of Ms has already been
constrained in dijet events at the 7TeV and 8TeV LHC, to be larger than 3:61TeV by the
ATLAS and 4:78TeV by the CMS.
■Distinction of low-scale string models If a new heavy resonance is discovered at the LHC,
it is very important to specify what classes of models cause the resonance. In ref.[2, 3],
Kitazawa and the author practically performed two analyses using Monte Carlo (MC) simu-
lations for the LHC, and we actually conrmed the possibility of identifying string resonances
in dijet events at the LHC. This thesis is based on these studies [2, 3].
■Angular analysis The angular distribution analysis of dijet events is important, because
the degeneracy of string excited states with higher spins is a distinct property of low-scale
string models. We have shown that the hypotheses without higher spin states for the angular
distribution could be excluded at 95% condence level with the integrated luminosities of
18:7 fb 1, 30 fb 1 and 50 fb 1 for Ms = 4TeV, 4:5TeV and 5TeV, respectively.
■second resonance analysis The dijet invariant mass distribution analysis for the second
string resonance is also important, because the existence of second string excited states
with
p
2 times masses of that of the rst string excited states is also a distinct property of
low-scale string models. We have shown that the second string resonance in dijet invariant
mass distributions could be discovered at 5 level with 150 fb 1, 300 fb 1 and 600 fb 1 for
Ms = 4:5TeV, 4:75TeV and 5TeV, respectively. In these results, it is assumed that the
second string excited states do not decay into the rst string excited states.
In case of broader decay widths of the second string excited states including decay channels
into the rst string excited states, we found that integrated luminosities of 1200 fb 1 and
more than 3000 fb 1 would be required to observe the second string resonance at 5 level,
for Ms = 4:5TeV and 4:75TeV, respectively. This means that we might need the High-
Luminosity LHC which is a possible future plan of the extension of the LHC.
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